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Z-contrast scanning transmissi@tectron microscopy combinedith electron energyloss spectroscopy
provides an essentially complete atomic-scale characterization of interfAtasic structure and impurity
segregation sitesan be determined directiyom experiment. Suchdata is a perfecstarting pointfor first-
principles theoretical calculations, providing total energid@fjsion pathways, activatiobarriers, and the link
to properties. For As ii, images show segregation in particidémmiccolumns in a grain boundary, and
calculations show the As to be in tfeem of dimers. In MgO, an impurity-induced structural transformation
has beenevealed, while irSrTiO,, a grain boundary reconstructionalsservedand spontaneouseation of
vacancies predicted by theory. At the Si/Siterface, the structure of the last crystalline plane is deeatly

in the image, and composition profiles show a significant zone of sub-stoichiometric dkielery, however,
shows abruptnterfaces are energeticalpreferred. Z-contrast images agingle-walled carbon nanotubes
show iodine insidehe tubes in a doubldelix configuration. Theory confirms this aslav energy
configuration, and shows how doping occurs by charge transfer.
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